SUMMARY
The fibreoptic stylet, which functions simultaneously as a stylet and as a fibrescope, has a malleable shaft and accommodates a bundle of optic fibres 1 ( Figure 1 ). Originally this fibreoptic stylet was designed as an assisting device for difficult intubations, so that a physician acting alone can operate the device without difficulty. By attaching a charge coupled device camera to the top of the finder and instructing a trainee to intubate according to a standard procedure (by the direct laryngoscopic approach), an instructor can observe how the vocal cords are being visualized by the trainee and how smoothly the tracheal tube is being manipulated within the oral cavity.
In this study, we videotaped the image obtained through a fibreoptic stylet during standard tracheal intubation attempts with direct laryngoscopy by trainees and by experienced anesthetists. The fibreoptic view was not utilized to assist the intubation itself, but for the assessment of intubation technique. We then compared the images obtained during intubation attempts by novices with those by specialists.
METHODS

Intubation method and fibreoptic-stylet specifications
A custom model fibreoptic stylet (482 mm long, 5.4 mm in diameter, 160 g) was tailor-made by Machida Instrument Inc., Japan. Prior to the use of this system, approval of the local ethics committee and informed consent from all patients were obtained. In a preoperative examination, the anatomy of the upper airway was classified according to Mallampati's criteria 2 . Forty patients, whose airways were graded as 1 (Cormack and Lehane) 3 , were studied in three consecutive months.
Anaesthesia was induced with propofol 2 mg.kg -1 and vecuronium 0.15 mg.kg -1 . Tracheal tubes set on the fibreoptic stylet in advance (Mallinckrodt, Athlone, Ireland) were 7.0 to 8.5 mm in diameter. The distal end of the fibreoptic stylet was set at the proximal end of the bevel of the tracheal tube. The intensity of light from the fibrescope was adjusted so that the view on the display became a white-out (shiny reflection makes the screen totally white) when the tip of the tracheal tube had contact with oral or pharyngeal mucosal wall. After relaxing the muscles, a Macintosh direct laryngoscope was inserted through the mouth and visualization of the vocal cords was attempted by an instructor of anaesthesia according to standard procedures. The final view obtained by the direct laryngoscopy was classified according to Cormack and Lehane's criteria. When direct visualization was possible and the view was classified as grade 1, tracheal intubation was completed according to standard procedures by another instructor of anaesthesia (anaesthesiologists whose clinical experience was longer than five years) or by a trainee of anaesthesia (anaesthesia residents whose clinical experience was shorter than five months). The person who was to perform each intubation was determined by a random number table. The videotaped images were analysed by another anaesthesiologist who was blind to the identity of the practitioner. The best vocal cords views from the fibreoptic stylet, which were obtained before the insertion into the trachea, were classified according to a modified Cormack and Lehane's criteria (FS-grade 1, 2A, 2B, 3). In this FS-grade criteria, grade 2 was subdivided into two groups; group 2A in which more than a third of the vocal cords were visible and group 2B in which less than a third of the vocal cords were visible. The vocal cords visibility time rate and the tracheal tube contact time rate were determined as follows: 1. vocal cords visibility time rate=vocal cords visibility time / total intubation time 2. tracheal tube contact time rate=tracheal tube contact (with mucosal wall) time/total intubation time.
Contact of tracheal tube with the pharyngeal or laryngeal wall was determined by white-out on the videoimage. Total intubation time was defined as the duration from the start of the insertion of tracheal tube into oral cavity to the completion of the withdrawal of stylet. Data were expressed as means ± SEM and differences between groups were statistically analysed by one-way analysis of variance with Schëffe's post-hoc test.
RESULTS
Patient demographics did not differ significantly between groups. The vocal cords visibility time rate was significantly higher for intubation attempts by instructors, compared to the intubation attempts by trainees (Figure 2A) .
In contrast, the tracheal tube contact time rate was significantly higher during intubation attempts by trainees compared to intubation attempts by instructors ( Figure 2B ). In the group of patients intubated by instructors, the video-images of the vocal cords were graded as FS-grade 1 in 18 cases, and 2A in two cases. No grade 2B or 3 cases were encountered in the group of patients intubated by instructors. In contrast, in the group of patients who were intubated by trainees, the video-images of the vocal cords were graded as 1 in four cases, 2A in six, 2B in five and 3 in five. In the group of patients who were intubated by trainees, the vocal cords visibility time rate was lower and the tracheal tube contact time rate was higher in the subgroup classified as FS-grade 2 or 3 compared to the subgroup classified as grade 1 (Figure 3 ).
DISCUSSION
In this study we classified video-images of the vocal cords obtained during intubation by instructors as FS-grade 1 in 90% of all cases. Since all of the patients were classified as grade 1 by the first instructor, this result implied that the vocal cord viewing technique was similar for all instructors. Our result also implied that the best vocal cords view from the fibrescopic stylet and that for the laryngoscopist's eyes were similar. The high vocal cord visibility time rate indicated that the tracheal tubes were being properly aligned by the instructors with the opening of the trachea throughout the intubation procedure. In addition, the low tracheal tube contact time rate indicated that the tracheal tubes did not stray within The vocal cords visibility time rate (= vocal cords visibility time / total intubation time) was significantly higher for intubation attempts by instructors, compared to the intubation attempts by trainees (A; P=0.003). In contrast, the tracheal tube contact time rate (=tracheal tube contact time / total intubation time) was significantly higher during intubation attempts by trainees compared to intubation attempts by instructors (B; P<0.0001). Data were expressed as means ± SEM (n=20 in each group) *significantly different from the value obtained from the trainees.
the oral cavity and rarely unintentionally touched the pharyngeal or laryngeal mucosa.
In contrast, the video-images of the vocal cords during the intubation attempts by trainees were classified as FS-grade 1 in only 20% of all cases. In many cases the vocal cords were poorly visualized by direct laryngoscopy. The low vocal cord visibility time rate indicated that the displaying of the vocal cords with the direct laryngoscopy was not efficient and that the tracheal tube manipulated by the trainees often missed the target and strayed within the oral cavity. The high tracheal tube contact time rate indicated that the tracheal tube touched or hit the mucosal wall unintentionally and frequently. In some cases, swelling of the arytenoid mucosa was observed after several unsuccessful attempts to insert the tube. Considering the markedly low vocal cords visibility time rate and the high tracheal tube contact time rate in cases classified as FS-grade 3 (by the video-image classification), improving visualization of the vocal cords must be a fundamental aspect of training residents to perform successful tracheal intubation free from any unintentional damage to the mucosa. This result is consistent with the classic ideal described in many textbooks 4, 5 . The concept that the technique of instructors is superior to that of trainees is well known. However, it is not known how the techniques differ or by how much. There have been limited reports describing effective methods of monitoring the movement of tracheal tubes within the oral cavity during intubation attempts by trainees. In usual clinical training, it has been rather difficult to detect malpositioning of the tracheal tube (such as oesophageal intubation) prior to completion of the intubation procedure by the trainees. Henthorn et al devised a new tool by combining the fibreoptic bronchoscope with a laryngoscope blade 6 . Also, Higgs et al developed a new system named "the direct laryngoscopy video system" to enable instructors to see what the larngoscopist is visualizing during the procedure 7 . Although the effectiveness of these tools has not been quantitatively evaluated, these devices may be useful in improving teaching of direct laryngoscopy.
By using the fibreoptic stylet, an instructor standing beside the trainee can observe the direction and location of the tracheal tube as the trainee manipulates it. Weiss has already mentioned the idea that the video view from the tracheal tube tip may allow teaching and supervising of tracheal intubation, although they have not evaluated the images quantitatively 8 . The two variables, vocal cords visibility time rate and tracheal tube contact time rate, were firstly used in this study. The results of the present study demonstrated that quantitative evaluation of tracheal intubation technique is possible by visually analysing the images obtained through the fibreoptic stylet. By using this device, trainees can discover the problems in their technique. The number of cases presented here is limited and it may be too early to discuss the effectiveness of this teaching method. Further studies on a larger scale would seem to be indispensable to establish "the gold standard" of the intubation technique. Also, to assess different intubation methods, such as intubation without stylet or intubation with McCoy's laryngoscope, other evaluation methods might be necessary.
